Clemson University

TigerPrints
All Theses

Theses

12-2015

The Impact of China's "West to East" Electricity
Transmission Project on Energy Poverty
Xiaotian Chen
Clemson University, xiaotia@g.clemson.edu

Follow this and additional works at: https://tigerprints.clemson.edu/all_theses
Part of the Economics Commons
Recommended Citation
Chen, Xiaotian, "The Impact of China's "West to East" Electricity Transmission Project on Energy Poverty" (2015). All Theses. 2286.
https://tigerprints.clemson.edu/all_theses/2286

This Thesis is brought to you for free and open access by the Theses at TigerPrints. It has been accepted for inclusion in All Theses by an authorized
administrator of TigerPrints. For more information, please contact kokeefe@clemson.edu.

The Impact of China’s “West to East” Electricity
Transmission Project on Energy Poverty
A Thesis
Presented to
the Graduate School of
Clemson University
In Partial Fulfillment
of the Requirements for the Degree
Master of Arts
Professional Economics
by
Xiaotian Chen
December 2015
Accepted by:
Dr. Matthew Lewis, Committee Chair
Dr. Jaqueline Oliviera
Dr. Peter Blair

ABSTRACT
Energy poverty, which means that people can’t get enough energy for daily life, is
one of the big problems in rural place of Northwest region of China. The government
wants to solve the problem with a large-scale electricity transmission project named
“West to East”. The aim of this thesis is to evaluate the impact of “West to East” project
on the reduction of energy poverty in Shaanxi province in China through the analysis of
119 counties between the years 2003 to 2015. Since residential electricity price are set
by the government at artificially low levels, an alternative measure is constructed to
evaluate energy poverty in the presence of price controls. The results indicate a
significant reduction of energy poverty and increase in social welfare because of the
completion of “West to East” project.

Key Words: “West to East” project, Energy Poverty, Social Benefit, Shaanxi

ii

TABLE OF CONTENTS
Page
TITLE PAGE ................................................................................................................................................i
ABSTRACT ................................................................................................................................................ ii
1. INTRODUCTION .................................................................................................................................... 1
2. LITERATURE REVIEW ............................................................................................................................ 6
2.1 STANDARD OF 10% OF INCOME............................................................................................................ 6
2.2 ENERGY POVERTY UNDER PRICE CONTROL .......................................................................................... 8
2.3 PROJECTS ALLEVIATE ENERGY POVERTY ............................................................................................... 9
2.4 ENERGY POVERTY AFFECT SOCIETY .................................................................................................... 10
3. DESCRIPTION OF ENERGY POVERTY UNDER PRICE CONTROL ............................................................. 12
3.1 HIDDEN ELEMENTS............................................................................................................................. 14
3.2 OTHER FACTORS ................................................................................................................................. 21
CONCLUSION FOR SECTION...................................................................................................................... 28
4. IMPACT OF “WEST TO EAST” PROJECT ................................................................................................ 30
4.1 REAL PRICE CHANGES ......................................................................................................................... 34
4.2 REDUCTION OF ENERGY POVERTY ...................................................................................................... 41
4.3 POWER BLACKOUTS AND RESTRICTIONS............................................................................................ 48
CONCLUSION FOR SECTION...................................................................................................................... 49
5. ENERGY POVERTY AND SOCIETY ......................................................................................................... 50
5.1 THE NUMBER OF MARRIAGES—HAPPINESS....................................................................................... 50

iii

Table of Contents (Continued)
Page
5.2 GDP CREATED BY INCREASED FIXED ASSETS—PROSPERITY ................................................................ 54
5.3 THE RETAIL SALES OF SOCIAL CONSUMER GOODS—MERCHANDISE FLOWS ...................................... 56
6. CONCLUSION ...................................................................................................................................... 58
REFERENCES ........................................................................................................................................... 61

iv

1. INTRODUCTION
This paper studies the impact of China's West-to-East Project on “energy poverty”,
selecting China's Shaanxi Province (with its 119 cities) as an example. It also discusses
the social impacts after the alleviation of “energy poverty".
As China develops, most people no longer need to struggle with hunger and disease.
By late 2002, most of China's provinces and municipalities had largely overcome the
problem of hunger. Consequently, the UN food agency stopped food aid to China in
2005.Also, by 1997, most Chinese farmers had access to basic health care. The number
of doctors per million people in China has also significantly increased in the late 20th
century. Government and the people began to focus on higher levels of living security,
such as "energy right". Even though most Chinese people, including those in rural
regions, have access to power supply, the power consumption still remains low.
Sociologists and government advisers refer to this situation as "energy poverty". To solve
this problem, the government began an ambitious transmission line project. Rural
electricity transmission system reform, as a part of “west to east” national project,
became the focus of national transmission line strategy. "West to east" project was
mostly complete by the end of 2010.The main subject of this paper, therefore, is how
this project addresses the "energy poverty" issue and what kinds of impacts the
alleviation of “energy poverty” has upon the society.
1

“Price control” is a very old measure to make electricity supply available to the
people at cheap price. It began in the 1970s, when most people were living under
poverty. During that period, the government reduced the electricity price hoping to
increase the public access to electricity. Although such control has led to many problems
and does not necessarily solve the "energy poverty" issue, it does, however, enable most
people to meet their basic power needs. However, because the residential price is set
below the true cost of the electricity, additional revenue must be collected through local
taxes and increased commercial electricity prices, which ultimately lead to higher price
on other household goods. Common methods of calculating “energy poverty” would not
correctly attribute these additional burdens to higher electricity costs.
"West to East" project is a very large scale transmission line project, and receives
the largest investment in the Chinese national strategy of pursuing the "Western
Development." Its main purpose is to transport electricity from the West, which has
surplus energy, to the East, which is a densely populated region. It also includes a large
area of power grid renovation and infrastructure construction. Construction of power
facilities in rural areas is the focus of "along the route project"(as a part of “West to East”
project), which aims to increase rural energy consumption level. It began in 1996, and
was mostly complete by late 2010. It affects 17 provinces and about 800 million people.
"West to east" project comprises three main trunks, North, middle and South. Shaanxi
Province, which is the example discussed in this paper, is influenced by the North and
middle line.
2

“Energy poverty” is lack of access to modern energy services. It refers to the
situation of large number of people in developing countries who need to spend
significant time collecting fuel to meet basic needs, which negatively affects their
well-being. It is estimated that one-third of the world’s population, amounting to about
2 billion people around the world, has no access to electric energy. Electricity is one of
the pillars on which education and health lean. As such, the universalization of the
access to electric energy in the world is of fundamental importance for the eradication
of poverty and reduction of social inequality. In China's vast rural areas, especially in the
poorer western region, people have low level of energy consumption. The official
newspaper People's Daily says that the solution of "energy poverty" has become the
focus of the Chinese government’s rural policy. It further says that China still has two
million rural people under a high level of energy poverty and concludes that energy
poverty is a pressing problem. It also mentions that the Chinese farmers are unable to
afford electricity and waste a significant manpower looking for low-grade energy. The
case chosen in this thesis is of North-western China, which still has a large population of
poor people, in spite of its long history. Its "energy poverty" problem is particularly
significant because of harsh weather and difficult terrain. I believe this example can offer
a better representation of China's situation of energy poverty.
Although China's electricity price has been maintained at a very low level since 1993,
many farmers still face "energy poverty". The power company has to provide electricity
at a low price in the field of residential electricity. To break even, the power company is
3

allowed to use monopoly prices in the commercial and industrial electricity sector, which
causes the price of regional retail goods to rise. This, in turn, reduces the disposable
income of farmers, because the money the farmers apparently save by using cheaper
electricity still gets spent in purchasing the retail goods. So, farmers still remain in the
"energy poverty" even though electricity price is not high. If the company still can’t
compensate for the loss, it will be subsidized by the local government. Social welfare will
decline and tax will increase because the government experiences a huge financial
burden. Disposable income of farmers will be further reduced because of the tax. Even
worse, due to limited electricity supply, residents will experience blackouts when local
factories operate. All these factors contribute to a low level of electricity consumption in
rural China. Large-scale power projects will significantly reduce the cost of electricity.
Completion of the transmission network will make low-cost electricity available. That
would help to solve most of the aforementioned problems, and would also alleviate the
"energy poverty" problem.
The main purpose of this thesis is to analyze the impact of large-scale transmission
project on "energy poverty". For this purpose, I have studied methods to measure
energy poverty under price control. I then discuss the social impacts of energy poverty
alleviation.
This thesis is divided into six parts. The first part introduces the background and
terminology. The second part contains the analysis of Information and literature review.
The third part provides the definition of "energy poverty” under price control and also
4

provides a mathematical formula to calculate the “energy poverty Index”. The fourth
part discusses how "west to east" project alleviates "energy poverty". In the fifth part,
the impact of the alleviation of “energy poverty” on society is discussed. The final part
summarizes the thesis.

5

2. LITERATURE REVIEW
Before starting the description of energy poverty under price control, I need to
discuss some of the conditions. These conditions are derived from the results of
previous studies. These conditions are the basis and foundation of my researching
energy poverty. I will discuss these conditions and their sources, then discuss the effects
of these conditions on my article.

2.1 STANDARD OF 10% OF INCOME
There are many ways we measure energy poverty. But there is no generally
accepted way to do that because the study of "energy poverty" started relative late in
20th century. It is very common that scholars establish unique standards to measure
“energy poverty” before their investment. These standards are often very unique that it
only applies to a small range. The advantage of this way is the accuracy of description of
"energy poverty". The disadvantage is not universally applicable. Stephen (2002) used
this kind of method in her paper Poverty and Energy in Africa---A Brief Review [J]. She
analyzes the availability and development of Energy in three areas, North Africa, South
Africa and Sub-Saharan Africa. For each of these places, she uses different ways to
measure the "energy poverty" problem. She adds unique elements to measure the
Sub-Saharan Africa's energy poverty, which are the non-availability of modern energy
and the non-necessity of heating. This thesis uses her method when establishing the
6

new energy poverty standard, especially when I meet the north-south differences of
heating needs.
Of course, there are also some ways more simple and universal. For example,
"Energy expenses to income ratio" index that created by B. Boardman (1991). Although
there are a lot of people disagree, this is probably the most common model in the field
of energy poverty. Boardman’s book has up to 137 citations which is the first in the field
of energy poverty. In the book, she challenges the assertion that fuel poverty is no
different than poverty in general. She exams the housing policy of UK government and
the temperature of houses of poor people, and have the conclusion that fuel poverty is
the inability to afford adequate warmth because of the inefficiency of the home. She
also tried to find a way to measure “fuel-poor”. Examination of data taken from several
academic surveys, as well as from official sources, leads Boardman to the conclusion
that the fuel-poor, whom she defines as the 30% of the population on the lowest
incomes, are caught in a vicious 'catch-22'. They live in homes which are cold because
they are not well insulated and have inadequate or expensive heating systems, and so
they spend a high proportion, which more than 10%, of their incomes on energy. After
this book, many people use this standard of 10% measuring energy poverty. Some
United Nations agencies also use this method in some areas where can’t obtain details
of information. A Chinese scholar named Wei Yiming (2010) developed this method to
make it more fit for the Chinese characteristics. He added the government subsidies and
hidden income into the model. He believes that because China has a lot of subsidies in
7

the energy field, so income can’t represent the people's social welfare. I used his
strategy. I created my "energy poverty" evaluation model based on the 10% model.
I created my energy poverty evaluation model on the 10% model. The main
Measurable Indicator is still 10% of income in my model. I also used some unique
indicators to make my model more realistic. This is how I found energy poverty index
formula in section 3. Some authors also improve the 10% of income standard in their
investment. Nussbaumer P, Bazilian M, Modi V. (2010) write a paper to describe how to
measure energy poverty. They mainly pay attention to find out what matters people
should focus on when measure “energy poverty”. They improve the 10% of income
standard and add many important matters into it. Completeness of electricity appliances
is one of these matters. The authors think scholars should not ignore how many
electricity appliances people have and how often people use the appliances when
measure energy poverty. The last IEA (2007) also use this matter and call it “Efficient
using time” of appliances. I also use this matter and named it “Completeness Parameter”
in my formula.

2.2 ENERGY POVERTY UNDER PRICE CONTROL
Price controls intended to maintain social justice. Holding electricity prices at a low
level help alleviate energy poverty. Thanks to price controls, most poor people get the
necessary power in the tough economic times in China. But price controls do little to
modern "energy poverty" problem. It can only help people obtain the necessary energy
8

supply. Some Chinese scholars have found the problem. Peng Yani (2013) believes that
Chinese farmers have lower income because they enjoy the low cost life. She said
transfer payments of government did not help reducing the burden on farmers but
reducing the "rich-poor gap" among farmers. She believed that the only way to alleviate
poverty is decreasing the cost of life instead of controlling price. Huang Heyu (1982) has
the same idea. He said that the reason farmers use firewood is not they do not have
other resources but firewood is free to get. Farmers would tend to cheaper energy,
regardless of environmental protection and safety. "The price is good enough, but the
problem is farmers have a lot of free time and low income." He said. Chen Shu (2012)
believes that the government transfers the burden of farmers shift to companies using
taxes. Companies pass the taxes to farmers. Farmers actually have a greater burden than
before. What I know from these papers is that the price control can’t decrease the
burden of farmers, It just changes the form of the burden. Therefore, farmers are still in
“energy poverty” even when there is a price control of electricity.

2.3 PROJECTS ALLEVIATE ENERGY POVERTY
Because of the number of studies of "energy poverty" small, I did not find the paper
on the relationship between large-scale transmission projects and the "energy poverty".
But there are some studies in rural electrification similar to my thesis. Marcio Pereira
Giannini writes many articles on energy poverty. One of them named "Rural
electrification and energy poverty: empirical evidences from Brazil" (2010) and talks
9

about how the rural electrification influence energy poverty. As large-scale transmission
project helps building infrastructure of electricity in rural areas, rural electrification play
similar role in “energy poverty” in rural area. In the article he evaluates the impact of
rural electrification on the reduction of energy poverty in Brazil through the analysis of
23,000 rural domiciles or rural properties between the years 2000 and 2004. The results
indicate a fast change in the profile of energy consumption and a reduction of energy
poverty. And in another his article, which is named “Evaluation of the impact of access
to electricity: A comparative analysis of South Africa, China, India and Brazil”, he roughly
mentioned the advantages of rural electrification in China. As most of the rural
electrification is part of large electricity project in China, that means large-scale project
do have some good effect on rural energy poverty.

2.4 ENERGY POVERTY AFFECT SOCIETY
Energy poverty has a negative impact on society. It would seriously reduce the
quality of life, as well as inhibiting economic development. There are many articles study
the impact of energy poverty. Marcio Giannini Ferreira has paper discuss the impact of
"energy poverty" on Brazilian life. He discusses the damage caused by energy poverty on
people's lives in his paper "The challenge of energy poverty: Brazilian case study" (2011).
In his result, he thinks that solve energy poverty leads to a consequent improvement in
energy equity and a reduction of poverty. Zhao Shuang (2012) discusses how alleviating
of "energy poverty" bring economic development in the new rural construction. They
10

collect data from more than two thousand administrative villages China. They then
analyze the relationship between energy poverty and economic development. They find
the speed of development of productive forces slow down when the village in “energy
poverty”. They think the main reason is the talent and capital fled under energy poverty.
Yao jianping (2013) believes that energy poverty will reduce local market vitality. He
finds that energy poverty and the high price of retail goods highly correlated. (But I think
that because the government subsidy.) He believes retail goods prices high because
people with weak purchasing power in "energy poor" areas. Ding Shijun and Yang
Hanming think that poverty can lead to energy poverty. “Energy poverty” results in
long-term sustainability poverty.
To sum up, energy poverty has a bad influence on people's lives. It will also have an
adverse impact on the socio-economic. Solving the problem of “energy poverty” will
reduces these negative influences.

11

3. DESCRIPTION OF ENERGY POVERTY UNDER

PRICE CONTROL
In this section, the thesis will try to found own way to describe “energy poverty” by
improving the common method. There are many methods in energy poverty field to see
whether a people in energy poverty or not. In fact, most scholars will build their
own judgment method before they began to study "energy poverty." Most of these
methods are based on empirical research use examples or statistical. But these methods
can’t be used in this case because China’s “energy poverty” problem is different from
the cases in these methods. While there is still a method that generally accepted and
can be used in this thesis, which is the "ten percent of income" method that have
been mentioned in section 2. Shahidur R.Khandker (2007) uses a lot of computation and
analysis shows 10% of income is a good standard to measure if the people in
energy poverty or not. Therefore, if one spends more than 10% of his income to
his/her energy demand, the one will be definite as a people in energy poverty. This is
because for the people, energy scarcity (Whether because energy prices or income)
has affected his daily living. The idea is similar to the standard of the Gini coefficient,
the more proportion spending in energy means more energy poverty. For
simplicity, I will call "energy expenditure accounted for 10% of income" as "energy
poverty line" and “the proportion of energy expenditure share of income” as ”energy
poverty index”.

12

𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑜𝑣𝑒𝑟𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 =

Energy expenditure
Income

The standard of 10% of income can’t be used in my case directly. The standard will
fail under price control because the electricity will be keep in a low level and the
proportion of electricity expenditure of all the people including the farmers still in
energy poverty will be low. Because of price control background, China’s energy poverty
measure is very different from other places. And there are different ways to definite
energy poverty for different people. The nineteenth and twentieth century British do not
have the same energy poverty standard. Also, the Myanmar and Chinese people who in
energy poverty live a completely different life. For China, because of the high average
level of electricity consumption, the standard of energy poverty is also higher than poor
country. Any people who can’t get enough energy for a normal life are all considered in
“energy poverty”. For this reason, I improve the 10% of income standard. The "energy
expenditure" in this thesis is not only "record consumption" but also "hidden
consumption" that measures the conversion burdens because of price control and other
factors.

𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑜𝑣𝑒𝑟𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 =

Record Consumption+Hidden Consumption+other factors
Income

The data about the "record consumption" can be easily found in the statistical
13

yearbook in Shaanxi Province. These data are professional and precise. It has precise
information about consumption of gas, oil and electricity that can be used directly.
Therefore record consumption does not need much discussion.
Hidden consumptions are mainly influenced by subsidies. It is hard to imagine that a
poor farmer in Burma have government subsidies for energy. But in China, although in
most of the time the farmers did not know themselves, such subsidies do exist. Energy
subsidies direct role in coal, gas, natural gas, electricity and other energy prices, borne
by local government finances. It is inappropriate if we ignore these subsidies when study
"energy poverty". With these subsidies, the electricity price of China may even under
the margin cost of electricity supply companies in Myanmar. I excerpt a piece of news in
the Shaanxi Daily on energy subsidies in 2013-2-15, which newspaper is the government
communications agency. ”He (the governor) stressed living subsidies and energy
subsidies in poor areas directly related to people's lives in poor areas, related to the
process of poverty alleviation, Party committees and governments at all levels must
ensure that the subsidies allocated to households.” China's "energy poverty" is different
from other countries, not only because of subsidies, but in many ways. That is why I
want to add the "hidden consumption" and "other factors" in "energy consumption".

3.1 HIDDEN ELEMENTS
Hidden Elements is the things influence energy consumption not show in the bills
directly. People may benefit from it from directly government energy subsidy or
14

self-sufficiency facilities. It also can be another form of electricity fee appears in taxes
and retail supplements.

𝐻𝑖𝑑𝑑𝑒𝑛 𝐸𝑙𝑒𝑚𝑒𝑛𝑡𝑠
= 𝐺𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡 𝑆𝑢𝑏𝑠𝑖𝑑𝑖𝑒𝑠
+ 𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑖𝑐𝑒 𝑏𝑢𝑟𝑑𝑒𝑛 𝑒𝑥𝑖𝑠𝑡 𝑖𝑛 𝑜𝑡𝑒𝑟 𝑓𝑜𝑟𝑚𝑠
+ 𝑅𝑒𝑠𝑖𝑑𝑒𝑛𝑡 𝑆𝑒𝑙𝑓𝑆𝑢𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝐸𝑛𝑒𝑟𝑔𝑦

3.1.1 DIRECT GOVERNMENT SUBSIDIES
The number of direct government subsidies is relatively small. Because the
government worried that farmers may not use the subsidies in the real purpose. In fact,
farmers prefer to spend money on gambling (Which illegal and often make farmers in
trouble.) rather than prolong the lighting time. “Farmers usually spend their subsidy on
others aspect, they do not feel the shortage of energy has a big deal.” A staff member
from the Hanzhong City Development and Reform Commission explained that in the
e-mail sent to me. “For example, farmers think the value of buying a new washing
machine is much smaller than buying five chickens. They think they are used to hand
wash.” The problem is that farmers consider their "energy life" has been modern enough,
but there are different views on social institutions. ” Shaanxi rural families' daily average
illumination time less than four hours, which is a incredible result.” Said Andrew Jammu,
15

who is a NGO leader working on Chinese rural problem. In the opinion of the
government and social workers, many farmers are still low levels of energy use, which I
called it “China-type energy poverty”. Farmers in many places are still in low level of
energy consumption. For them, energy is "an expensive necessity." They are reluctant to
use energy unless necessary. If someone wants to help, they would not believe that
"energy" is in need of help. Therefore, the electricity subsidy Government gives to
farmers, unless international organizations’ aid, usually through indirect ways.

𝐴𝑓𝑡𝑒𝑟 𝑆𝑢𝑏𝑠𝑖𝑑𝑦 𝑃𝑟𝑖𝑐𝑒 = 𝐵𝑎𝑠𝑒 𝑃𝑟𝑖𝑐𝑒 −

𝐷𝑖𝑟𝑒𝑐𝑡𝑙𝑦 𝑆𝑢𝑏𝑠𝑖𝑑𝑦
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

3.1.2 INDIRECT GOVERNMENT SUBSIDIES AND REAL PRICE
Before talk about indirect subsidies, the thesis will mention real price first. The real
price, which is the main factor I measure energy poverty under price control, is the sum
of the "basic electricity price" and "conversion price". Electricity prices remain
unchanged under price controls. Control price in rural areas is often lower than the cost.
A lot of the cost will be converted into other forms, such as high taxes and retail goods
prices, applied to residents. I add these costs on the basis of price, then I can
approximately get real burden people have because of the electricity consumption.
It is true that farmers do not pay for the real price but the controlled price. But for
many places, the farmers are indeed paid the rest in other forms. Government finances
16

are limited, increase electricity subsidies mean less other subsidies, like education grants
and Medicaid. But the country has strict rules on these subsidies, which means these
subsidies cannot be reduced. The solution is to raise taxes. This also resulted in higher
consumer prices because retailers also need to pay more tax. Meanwhile, the power
company is allowed to charge monopoly prices on industrial and commercial to
compensate the extra losses. That also led to the retail price rise. Excluding the real price,
the poverty level of energy in this area will be underestimated because energy is
converted to the burden of the cost of living. An obvious evidence is that I investigated
the prices of consumer goods before and after the "West to East" project is completed in
Shaanxi Province, and find that the increasing rate of good price will decrease right after
the project completed while in big city the increasing rate rise. And according to my
query in Weinan City SAIC web site, I found that various taxes and fees companies need
to pay were reduced after the completion of the project. So I think real price is the best
option to reflect the energy poverty. I'll talk more about this in Section 4.
Indirect subsidies, mainly means price controls which is my main research
background. This subsidy is just let whole community to share some of living cost of the
poorest part of the population and make sure anyone can access electricity. It
guarantees the basic energy, but do nothing with energy poverty. The standard of
"energy poverty" in China today, as I said before, is much higher than the basic energy.
Government regulates the energy prices through executive order, and they use
subsidies to compensate part of the costs of energy companies. In my case, Shaanxi
17

province's electricity prices are 0.4983 per kWh. However, Shaanxi Province is a huge
area, has 205,800 square kilometers. Its terrain is very complex, including the famous
Qinling Mountains and the Loess Plateau. Workers need to cross four thousand meters
above sea level in the mountains to build transmission lines, in the Qinling Mountains.
Even more frightening is that, where there is electricity needs of the residents in the
Qinling Mountains. But the price of electricity in these areas is still 0.4983 per kWh! A
Chinese national grid station manager told me, transmission costs in these areas would
be twice as elsewhere, if there is no government subsidy. In my research, I collected and
roughly estimate the per capita amount of these subsidies (Which have already included
the excess profit grid company get allowed by government.), and added them to the
base price. I called the calculation results as “real price”. For example, I know the Qinling
Mountains area (Foping County) transmission cost of staff from Chinese national grid.
Then I get the total electricity consumption data about five years ago from Foping
County website. I then used the average rate of economic growth and population
growth estimated this year's total electricity consumption. I ended up using the total
cost divided by the total consumption of electricity to get real prices. This is just a rough
estimate. Because the total electricity consumption, which including industrial and
commercial electricity, is not suitable to be use as total residential electricity
consumption. When I can’t get the data needed by this method for some small cities, I
have an alternative. I get the total amount of government subsidies from the
government. (I did get a number of subsidies, although perhaps not the latest, from
18

Ansai County.) Then I can simply get "per capita subsidy price" with subsidy divided by
the total population. Then use the base price plus price subsidies to get the real price. I
think this is a more accurate way, by reducing the large number of estimates. But access
to information is a tough work. I only got three responses after send more than forty
emails.

If have subsidy data:
𝑅𝑒𝑎𝑙 𝑃𝑟𝑖𝑐𝑒 = 𝐵𝑎𝑠𝑒 𝑃𝑟𝑖𝑐𝑒 +

𝑆𝑢𝑏𝑠𝑖𝑑𝑦 𝑇𝑜 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐶𝑜𝑚𝑝𝑎𝑛𝑦
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

Without subsidy data:
𝑅𝑒𝑎𝑙 𝑃𝑟𝑖𝑐𝑒 ≈
𝑇𝑒 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛
𝑂𝑙𝑑 𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝐷𝑎𝑡𝑎 ×Average Rate of EconomicGrowth years ×Population Growth Rate years

When the data are unavailable for neither cost nor subsidize, the thesis would use
the "old price" method. Before electricity price reform, the country's electricity price is
the same. In this case there is a loss of power system division. To compensate the cost,
the country will give electricity agencies per kilowatt-hour subsidy. For example, if a local
electricity price is 0.4591 yuan per kilowatt-hour, the actual cost was 0.6591 yuan per
kilowatt-hour, then subsidy is 0.2 yuan per kilowatt-hour. Such subsidy scoped rough,
but it relatively easy to obtain. Although it is not very accurate, it can reflect the rough
range of actual price. I do some experiences that use the data I calculate by this method
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compare to the reality data I have. The result is better than expect. I called this method
“old price” method.

3.1.3 RESIDENT SELF-SUFFICIENCY ENERGY AND FREE FIREWOOD
"Residents self-sufficiency energy" means the resident or group of residents
produce their own energy. For example, a few villagers shared a "biogas preparation
pool" to generated methane with "organic waste". "Resident self-sufficiency energy"
widely distributed in rural China. Thanks to the Countryside Construction in Mao era,
farmers in China's rural areas usually have "resident self-sufficient energy". In most cases,
"resident self-energy" refers to methane in China, but it also could be solar energy.
Probably because of the traditional thrift, Chinese farmers prefer methane, which a
renewable energy source. Methane, as a renewable energy, is cheap enough. Farmers
using agricultural waste as a raw material can be long-term access to energy, which
including fuel and heating. According to my investigation, many farmers can produce a
lot of energy and fuel for heating, which can fully meet the needs of their lives. But the
problem is it is very difficult for methane transforming to electricity. For electricity
generating, the digester too fragmented and difficult to transport. At the same time,
biogas generating will have a huge pollution. Solar energy is a new thing for Chinese
farmers. At first they think solar energy is a "great invention" and thought they were
now not have to pay the electricity bill. But soon, fragile expensive solar equipment let
farmers disappointed. Finally, they found that the best use of solar energy equipment is
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heating bath water. Many people think that farmers' income is very low, it is, but farmers
do not need to spend money in many ways. Associated with my thesis is that farmers do
not have to headache for fuel bill (Of course, Chinese banks do not like to send bills.). So,
in this thesis, energy poverty is the "electrical energy poverty." So now we can deduce:

𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑜𝑣𝑒𝑟𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 =

Consumption Amount × Real Price(electricity only)+other factors
Income

Farmers have another free energy. It is firewood. Farmers prefer to get this free
energy because that only takes a bit time. Farmers have a lot of time when it is not busy
season.

3.2 OTHER FACTORS
3.2.1 ELECTRICAL APPLIANCES COMPLETENESS
The first factor is the degree of electrical appliances system completeness. If a
person does not have any electrical appliances, his electricity expenditure must be zero.
But the one is still in energy poverty - in fact, he cannot use any energy. Of course, this is
just an extreme metaphor. China's farmers are obviously not without any electrical
appliances. But relative to the modern standard of living, their electrical appliances
systems are mostly incomplete. They have lights, but may not have a washing machine
or oven. (In fact, the Chinese people do not like to use oven, I'm just trying to give a
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common example.) We can’t say a farmer who only uses a lamp is not in "energy
poverty", even though the one only spends a few electricity bills. That is also why
Shahidur R.Khandker had to also study poverty itself when he study energy poverty in
Myanmar, people almost do not have any electrical appliances and of course pay nothing
for electricity. To solve this problem, this thesis put parameter of "electrical appliances
completeness (EAC)" into the new energy poverty index formula. This parameter
describes completeness of the personal electrical appliances system. By inquired "China
Electricity Consumption Research", the thesis Identified 12 kinds of "life necessary"
common large electrical appliances from "urban Chinese electrical appliances using".
These electrical appliances, such as washing machines, are essential to modern life.
After that, I check the government work report and identify per capita holdings of these
electrical appliances. The last step is calculating the parameters of the electrical
appliances completeness. Of course, the government work report often does not include
all of the data that I want to find. So usually the last way is to send e-mail to ask local
industrial and commercial bureau. Or, When the Trade and Industry Bureau do not have
data, ask the Business Association.

𝐸𝐴𝐶 =

12
𝑖=1 𝑝

× 𝑃𝐻𝐴𝑖
12

Where 𝑃𝐻𝐴𝑖 is “per capita holdings of number “i” electrical appliances”, number “i”
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is the kind of electrical appliances, EAC is “electrical appliances completeness”. Since
each family will share their appliances, this thesis multiplied the per capita retention of
appliances by “p”, which is average family size of that place.
This formula means "electrical appliances completeness" of a region is determined
by the arithmetic average of the holding rate of variety common electrical appliances in
the region. Contrast continuous multiplication, “arithmetic mean” express "average
electrical appliances holding level" more precisely. It can reflect the ownership structure
of "common electrical appliances" of whole society. We can assume that urban residents’
electrical appliances retention is 1 that represent the control group who are not in
energy poverty. Then the "average electrical appliances holding level" can reflect how
many electricity appliances the farmers should have but not. Then we can say the
electricity bills the farmers should pay if they in the modern life are bigger than
Consumption Amount × Real Price

“
1

are " 𝐸𝐴𝐶 × Consumption Amount × Real Price".

”,
I

call

1
𝐸𝐴𝐶

which
as

“completeness

parameter (CP)”.
But as the result of calculation, the retention of some kind of electricity appliances
will be very small in some area. And in most of places there will be 1 or 2 appliances
have low holding amount. According to my analysis, that may be related to climate and
habit of difference place. It also may be associated with economic development. For
example, people have a large number of electric electrical blankets in Yulin City. It is a
region in the north and very cold. It faces the Siberian cold air mass and the cold waves
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each winter. However, people have very little electrical blankets in Hanzhong City. It is a
city near the Sichuan. And it is very hot and humid in that city all year round. The
statistical result will be relative low when there is very little data exists. But I cannot
simply abandon electric blanket because it is very important in some areas. And I also
want to make computation simple. So I decided to give up the smallest two in each
region. For this purpose, I need to define “𝑀𝐼𝑁{ 𝑃𝐻𝐴𝑖 }" as select the smallest two of
“𝑃𝐻𝐴𝑖 ”. Formula amended as follows:
𝐸𝐴𝐶 =

(

12
𝑖=1 𝑝

× 𝑃𝐻𝐴𝑖 ) − 𝑝𝑀𝐼𝑁{ 𝑃𝐻𝐴𝑖 }
10

Completeness parameter will be:
𝐶𝑃 =

1
=
𝐸𝐴𝐶 (

12
𝑖=1 𝑝

10
× 𝑃𝐻𝐴𝑖 ) − 𝑝𝑀𝐼𝑁{ 𝑃𝐻𝐴𝑖 }

However, this formula is still not very accurate. For each different electrical
appliance there is different power consumption. Each electrical appliance also has a
different use length of time. For example, we cannot imagine washing machines and
lighting have the same length of time to use. So I fix the length of using time and make it
more fit for reality.

3.2.2 ELECTRICITY FOR PRODUCTION
The second factor is electricity for production. Unlike urban residents, farmers
usually work at home. The electricity consumption of production is also counted in their
family electricity bill. For example, pump and tubewell both consume a lot of electricity.
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In most of the time, we do not consider production when measuring "energy poverty".
That is, we cannot consider the electricity consumption of factory when we invest the
energy using of a worker. So this thesis will subtract these productive electricity
consumptions from farmers’ electricity bills. But I do not know how to find the data. I
cannot ask every farmer how much electricity their pumps consume each year. In fact,
they also do not know the answer. Nobody will take care of their pumps. The only way
that available is to estimate a mean value, which includes the amount of electricity
consumption of all the electricity appliances a farmer will use to work. First, seven
important personal appliances for agriculture are selected into consideration. (Not
include large device for group use, which does not take up the family circuit.) Second, I
identify the per capita holding of these devices. Third, find the average time of use for
these devices. Fourth, estimate the consumption of electricity per person per year with
these appliances. Fifth, calculate the electricity consumption in the production process
per person per year. I called it “agricultural electricity consumption amount” (AECA).

7

𝐴𝐸𝐶𝐴 =

𝑈𝑗 × 𝐻𝑗 × 𝐿𝑗
𝑗 =1

Where 𝑈𝑗 is power of appliance j. 𝐻𝑗 is per person holding amount of appliance j.
𝐿𝑗 is per year using time of appliance j.
Because of insufficient data, computing of power is not accurate. When seeking
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power of an appliance, I have to averaging several popular products of big manufacturer.
But as far as I know, farmers will not use such “formal” machinery. "Working Time" is
also only a rough estimate. I ask some officer and they ask (or pretending they have
asked) some farmer. The descriptions usually like “about 2 month” and “in fall”. Then, I
estimate using time based on these descriptions.

3.2.3 HEALTH & SUSTAINABLE FACTOR
The third factor is called “Health and Sustainable factor”. Although I do not want to
discuss my country's environmental problems, it is important in the study of energy
poverty. But there does have some problems when using energy in rural China-- not
firewood, but aging appliances and circuits. In addition, many residents still use coal for
cooking and heating in some areas. (There are some places cannot build biogas facilities
or don’t want to build it because low coal price.) It may keep years before electrify and
Natural Gas Engineering. These factors will cause safety hazards and pollution. Although
for farmers hidden dangers and pollution mean nothing, it causes a hidden cost to them.
I cannot calculate the costs because there are no information about them. So I just
mention this factor and will not use it in the calculation process. Of course, in some
areas I will add coal using cost to the calculation.

𝐶𝑜𝑎𝑙 𝑈𝑠𝑖𝑛𝑔 =

𝑐𝑜𝑎𝑙 𝑝𝑟𝑖𝑐𝑒 ×𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑎𝑙 𝑢𝑠𝑖𝑛𝑔 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑓𝑎𝑚𝑖𝑙𝑦
average family siz e(p)
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(Not all of people need coal because there is a free alternative energy named firewood.)

3.2.4 FINAL INCOME
As the evidences show, farmers have many things do not need to buy, including
ration and house rent. Farmers needn’t to buy the staple food and only need a little
other food which they cannot product. They also do not need to pay the house rent,
because houses belong to themselves (But they also have no right to rent or sell their
land, because the land is gotten from their village for free.). The thesis should consider
these issues for a more accurate farmers’ income. Otherwise the income of farmers will
be estimated relative low. These hidden incomes that are ignored when government
bureaus collecting farmers' total income are important but hard to find. To find the
average expenditure on food in a region, I investigated the website of Trade and Industry
Bureau in urban areas in each region and use all of the staple food expenditure plus a
proportion of the non-staple food expenditure as a farmer's hidden income. Of course,
the "proportion" is just an estimate. The estimating number be used because farmers
usually do not know how much of food they eat are produced by themselves. Whether
farmers or officials can only estimates a rough amount of their “own-produced rations”.
These estimates often vary widely. For the most of places I have to use the repeat rather
than the average of them. Then I tried to calculate the rent in the same way, as urban
places is the control group in my thesis, an official told me that not all urban residents
are required to pay the rent. The larger the city, the more people pay the rent. In small
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cities, often only 20% of people pay the rent (others have their own house or
apartment.). Since I use the average to describe energy poverty, I have to do some
processing on the rent value. After I find the average rent, I need to find the
approximate proportion of city renters. Hidden income of farmers will be the product of
these two values. Therefore, we can get the “final income” of farmers.

𝐹𝑖𝑛𝑎𝑙 𝐼𝑛𝑐𝑜𝑚𝑒 =
1

𝐼𝑛𝑐𝑜𝑚𝑒 + staple food expenditure + 2 non staple food expenditure +
proportion of city renters × average rent

CONCLUSION FOR SECTION
In summary, the formula I used to describe energy poverty in various regions is:

𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑜𝑣𝑒𝑟𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 =

CP×(Consumption Amount-AECA) × Real Price+coal using
Final Income

Where CP is completeness parameter, it describes the completeness of electrical
appliances. AECA is “agricultural electricity consumption amount”, it describes the
amount of electricity consumption use to produce. Real Price is the sum of the "basic
electricity price" and "conversion price". It describe the electricity price without price
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control. Final income is sum of pure income and hidden benefit of farmers. Consumption
Amount is farmer’s consumption amount of electricity.
When energy poverty index more than 10%, which is energy poverty line, we can
say the place we measured is in energy poverty. If small than 10%, then the farmers in
this place are at least not in shortage of energy.
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4. IMPACT OF “WEST TO EAST” PROJECT
In the previous section, I got the method of calculating energy poverty under
electricity price control. In this section, I will analyze the impact of completion of "west
to east" project on "energy poverty."
Most of the "west to east" projects are completed in 2010. Of course, there are
some advances or delays of the completion of ancillary works. When new devices are
added to the network, Power generation and transmission efficiency have been
significantly strengthened. According to the official statement, hundreds of millions of
people enjoy the results of the project. Aside from the southeast coastal cities,
Beneficiaries also include rural areas along the way. Project reduced energy prices,
increased jobs, promote economic prosperity. Project also largely solved the problem of
poverty with rural electrification.
In this thesis, I will focus on the problem of energy poverty. According to my findings,
the rural areas still have serious energy poverty in 2006 in Shaanxi Province. Only 10
cities are totally not in energy poverty in 2006. They are all in the range of Xi'an, which is
the capital of Shaanxi. There are 117 cities in my research in Shaanxi Province. That is,
only people in urban agglomerations do not in the energy poverty. In the vast rural areas
and small cities, large numbers of people in energy poverty. This is not to say that large
numbers of people can’t access to energy supply as in Myanmar. My energy poverty
have higher standard. I believe that anyone who can’t enjoy modern energy life is all in
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the energy poverty. Not just to get, but to fully enjoy. To be more precise, I added a few
critical points beside energy poverty line. I put city that "energy poverty index" is higher
than “low point” into "near energy poverty" group. It means that in these regions
"energy

poor"

may

be

exists.

“low

point”

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑜𝑜𝑟 𝑝𝑒𝑜𝑝𝑙𝑒 𝑖𝑛𝑐𝑜𝑚𝑒 𝑎𝑓𝑡𝑒𝑟 𝑠𝑜𝑐𝑖𝑎𝑙 𝑖𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒 𝑠𝑢𝑠𝑖𝑑𝑦 𝑖𝑛 𝑟𝑢𝑟𝑎𝑙 𝑝𝑙𝑎𝑐𝑒
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑢𝑟𝑎𝑙 𝑖𝑛𝑐𝑜𝑚𝑒

is

the

result

of

× 10% in the year in

Shaanxi Province. I also called data higher than “high point” of the year as "very close",
means
of

part

of

farmers

in

energy

poverty.

“High

point”

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑜𝑜𝑟 𝑝𝑒𝑜𝑝𝑙𝑒 𝑖𝑛𝑐𝑜𝑚𝑒 𝑎𝑓𝑡𝑒𝑟 𝑠𝑜𝑐𝑖𝑎𝑙 𝑖𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒 𝑠𝑢𝑏𝑠𝑖𝑑𝑦 𝑖𝑛 𝑡𝑒 𝑟𝑒𝑔𝑖𝑜𝑛
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑢𝑟𝑎𝑙 𝑖𝑛𝑐 𝑜𝑚𝑒

is

the

result

× 10%in the year in

Shaanxi Province. Only when the cities have energy poverty index of “low point” or
lower I call them “not in energy poverty”. So, my standards of energy poverty are very
stringent. Then what change "west to east" project brought to the energy poverty index?
In order to easy to observe, I made two forms base on my results. One is the result of
the control variable, the results of non-controlled variables. I also drew graphs for them.
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Energy poverty index statistics (Control variables)

not
near
very close
above 10%
sum
not
near
very close
above 10%
sum

2015 Proportion
93
0.794872
24
0.205128
0
0
0
0
117
1
2010 Proportion
22
0.189655
43
0.37069
7
0.060345
44
0.37931
116
1

2014 Proportion
85
0.726496
32
0.273504
0
0
0
0
117
1
2009 Proportion
22
0.189655
40
0.344828
9
0.077586
45
0.387931
116
1

2013 Proportion
72
0.615385
45
0.384615
0
0
0
0
117
1
2008 Proportion
21
0.181034
40
0.344828
9
0.077586
46
0.396552
116
1

2012 Proportion
73
0.623932
42
0.358974
1
0.008547
1
0.008547
117
1
2007 Proportion
16
0.137931
42
0.362069
7
0.060345
51
0.439655
116
1
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0

2011 Proportion
70
0.598291
38
0.324786
6
0.051282
3
0.025641
117
1
2006 Proportion
10
0.086207
42
0.362069
7
0.060345
57
0.491379
116
1
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2011
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Energy poverty index statistics (non-Controlled variables)
not
near
very close
above 10%
sum
not
near
very close
above 10%
sum

2015 Proportion
117
1
0
0
0
0
0
0
117
1
2010 Proportion
51
0.439655
35
0.301724
14
0.12069
16
0.137931
116
1

2014 Proportion
117
1
0
0
0
0
0
0
117
1
2009 Proportion
50
0.431034
27
0.232759
21
0.181034
19
0.163793
116
1

2013 Proportion
116
0.991453
1
0.008547
0
0
0
0
117
1
2008 Proportion
41
0.353448
26
0.224138
10
0.086207
39
0.336207
116
1

2012 Proportion
113
0.965812
4
0.034188
0
0
0
0
117
1
2007 Proportion
16
0.137931
41
0.353448
8
0.068966
51
0.439655
116
1

2011 Proportion
110
0.940171
5
0.042735
0
0
2
0.017094
117
1
2006 Proportion
9
0.077586
41
0.353448
8
0.068966
57
0.491379
116
1
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With these data we can know, energy poverty index decreased after the
completion of "west to east" project. However, the transmission project will not
directly alleviate energy poverty. Transmission Project will affect the important factor
of energy poverty, which is the real price.

4.1 REAL PRICE CHANGES
Real price, which I have mentioned in last section, is the residential electricity
price before government subsidy. I can roughly calculate these values with
information I got from farmers or officials. Because the grid company is not allowed
to get too much excess profit, the real price will be very close to cost. National Grid
Company mainly gets benefit from commerce and industry, and residential energy
price is the reason they keep high profit. If the "west to east" project work, the real
price will be significantly reduced in places which used to be high-cost areas.

4.1.1 THE REASON TO USE REAL PRICE
China, as a socialist country, has immutable residential electricity prices in most
areas. While most of time electricity prices for commerce are up to Market supply
and demand of the region. Residential electricity price has not changed for 10 years
until 2015 in Shaanxi province. However, the disclosed price does not reflect the cost
of electricity. Society needs to share the part of cost which higher than prices. It is
reflected in the tax. Retail goods prices will rise with higher taxes, and that is the way
low electricity price affect people's lives. Of course, energy price is not the only
burden community need to share. But it affects retail price a lot, because the grid
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company can simply enhance the commercial electricity prices in order to avoid the
costs negotiations with the government. Because the government wants to keep
residential electricity prices low, it allows the company to use monopoly price in the
commercial and industrial electricity to compensate losses. Therefore, the places
have higher "real price" also have high commercial and industrial electricity prices.
For this reason, the cost of electricity has a great impact on the retail price. We can
also speculate changing of the cost of electricity from the general fluctuations of the
price of retail goods. One of the biggest impacts of "west to east" project should be
reducing the cost of electricity.
If it is true, we will see the decline in retail prices (or at least the decline in
growth). There is a "rural commodity price index” in the Statistical Yearbook of
Shaanxi

province.

Its

formula

is:” 𝐼𝑛𝑑𝑒𝑥 = 𝐺𝑜𝑜𝑑 𝑖 𝑃𝑟𝑖𝑐𝑒 𝑡𝑖𝑠 𝑦𝑒𝑎𝑟 𝐺𝑜𝑜𝑑 𝑖 𝑃𝑟𝑖𝑐𝑒 𝑙𝑎𝑠𝑡 𝑦𝑒𝑎𝑟 ”. Where “i” is the
good selected by Bureau of Statistics. Of course, this figure is being effected by
inflation. So I use this index after dividing the annual inflation rate. I found that the
growth rate of rural retail prices is declined three years until the end of 2013, even
the price itself decrease in the first year (2010). At the same time, Xi'an has a
growing retail price index as a control group, where is the capital of Shaanxi province.
I think this is because the fixed cost is very big for the company. Policymakers
must find ways to compensate the loss caused by permanent residential electricity
price. It is also because of market supply and demand. Even in simple market. We
assume that the companies supply the energy with the price equal to its costs. There
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will be a higher price after supply the residential energy. Like the upper graph shows.
Unfortunately, manufacturer is monopolist, and is eager to find ways covering its loss.
Therefore, commercial and industrial electricity prices become high.

After the "west to east" project, the transmission capacity of power facilities
significantly improved. Meanwhile, there is plenty of cheap power input. Then
commercial and industrial electricity prices fall.
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Why the "west to east" project will increase electricity supply? As we know,
"west to east" project is actually a reconstruction of network equipment. It will
increase the capacity of power facilities. It will Increase the amount of area covered
by the high-voltage transmission. It will update rural aging electrical equipment. It
will effectively reduce transmission costs. It will also increase the remote
transmission capacity.
As we know from energy economics books, “electricity has special physical
characteristics that make electricity markets different from most other commodity
markets. Electric energy is injected into the grid by all generators and withdrawn by
all end users. In order to maintain the frequency within a certain narrow tolerance
band the quantity injected must equal quantity withdrawn. In addition, the physical
laws of electricity (Kirchoff’s laws) imply that power flows along every possible path
in inverse proportion to the impedance (resistance) it faces. Impedance is directly
proportional to distance. This means that an injection or withdrawal anywhere in the
network affects the system everywhere else.”
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In the case of my thesis is the same. West has an excellent resource and low
mining costs. West also have huge power stations, which according to the theory of
scale, generating low cost of electricity. Before completion of "west to east" project,
however, low-price electricity from West can’t be used in the rural areas in Shaanxi
Province. That is because there is the high cost of electric power transmission. Even if
there are sufficient funds to cope with the high cost, transmission Equipment can’t
stand a big amount of electricity. As shown in the graph.

Then "west to east" project upgrade the power facilities. Remote transmitting
has a cost reduction and increasing in the capacity. Then the graph changed.

The operator of electricity, the State Grid Corporation of China, is a monopoly. It
will tend to use cheap electricity. So there will be a lot cheaper electricity input.
Meanwhile, the local power plants will not close, the total electricity supply will rise.
Power company has two reasons not to shut down the local power plant. First, in
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order to guarantee employment, the government will give subsidies to local power
plants. The company will not suffer any loss to keep those plants running. Second,
there are a lot of heavy industrial companies in Shaanxi Province. These industrial
companies will expand when having sufficient power. Electricity consumption will
soon reach the upper limit of power transmission. Local plants will be needed again
at that time.
As market supply increases, the monopoly price of electricity will decrease.
Meanwhile, increasing of low-cost electricity supply leads to deceasing of real price.

4.1.2 REDUCTION OF REAL PRICE
To find out whether the completion of "west to east" project lead to changing of
the real electricity price or not, I run a regression with difference in difference model.
In this model price is the real price. Time means data collected before or after the
project complete. Type is the data from rural place or city. INTER is interaction
between time and type. The result is that the real price change significantly after the
completion of "west to east" project.
Dependent Variable: RPRICE
Method: Least Squares
Date: 11/10/15

Time: 23:02

Sample: 1 1170
Included observations: 1170

Variable

Coefficient

Std. Error

t-Statistic

Prob.

C

0.471467

0.005937

79.41621

0.0000

TIME

-0.052246

0.008396

-6.222938

0.0000
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CITYORRURAL

0.111952

0.006957

16.09230

0.0000

INTER

-0.031208

0.009839

-3.172004

0.0016

R-squared

0.370769

Mean dependent var

0.515505

Adjusted R-squared

0.369150

S.D. dependent var

0.094249

S.E. of regression

0.074858

Akaike info criterion

-2.34302
5

Sum squared resid

6.534003

Schwarz criterion

-2.32570
9

Log likelihood

1374.669

Hannan-Quinn criter.

-2.33649
4

F-statistic

229.0189

Prob(F-statistic)

0.000000

Durbin-Watson stat

1.171368

News and information from State Grid Corporation also confirmed this result.
News said that "the completion of the project significantly reduced the financial
burden of the government". That is true, based on the data I get. From the statistical
yearbook, we can easily find government spending of each major area. I choose a
region, which have several poor cities, calculating its government spending. Using the
annual CPI data, I calculated the real annual growth rate of government spending of
this place.

0.15

Growth of Government Spending of
Weinan

0.1
0.05
0
2015

2014

2013

2012

2011

2010

40

2009

2008

2007

2006

While, in this graph, I can’t say that increasing amount of government spending
is reduced. This is because the "steady growth" strategy substantial increase the
"government spending." However, we should note that "keep growth" strategy began
in the end of 2009. Even if there is a lot of increasing investment, the rate of increase
of government spending fall in2011 and 2012. This indicates completion of “west to
east” project indeed reduce the government burden. We can compare the growth of
a big city at the same time.
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Staff of the State Grid Corporation claim their losses reduced. According to
Annual Report of the "GD"(name of national grid in stock market and I find it with my
stock account), The company reduces losses in 2010. According to the staff said the
national grid in Shaanxi branch, Their loss from the residential electricity
consumption decreased a lot. It is also an evidence of the real price reduced.

4.2 REDUCTION OF ENERGY POVERTY
Now we can discuss why energy poverty index is affected by West to East Project.
If the transmission project influences the real price, it may also influence “energy
poverty” because real price is a important value in my “energy poverty index”. But
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wait a minute, as many factors change after the completion of “west to east” project,
we should only let the real price change and keep others in the control group. After
that we can do it again with the real data.

4.2.1 CONTROL VARIABLE GROUP
I run a regression with difference in difference model. In this model value is the
“energy poverty index”. Time means data collected before or after the project
complete. Type is the data from rural place or city. INTER is interaction between time
and type. In this test, I conduct controlling variable. All variables are constant except
the real price. The result is the real price changing does change the extent of "energy
poverty".
Dependent Variable: ENERGY POVERTY IND
Method: Least Squares
Date: 11/10/15

Time: 23:13

Sample: 1 1170
Included observations: 1170

Variable

Coefficient

Std. Error

t-Statistic

Prob.

C

0.076364

0.000812

94.08682

0.0000

TIME

-0.009265

0.001148

-8.071362

0.0000

CITYORRURAL

0.019060

0.000970

19.65937

0.0000

TANDT

-0.006939

0.001371

-5.060625

0.0000

R-squared

0.473637

Mean dependent var

0.082659

Adjusted R-squared

0.472283

S.D. dependent var

0.014780

S.E. of regression

0.010737

Akaike info criterion

-6.22683
9
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Sum squared resid

0.134419

Schwarz criterion

-6.20952
3

Log likelihood

3646.701

Hannan-Quinn criter.

-6.22030
8

F-statistic

349.7337

Prob(F-statistic)

0.000000

Durbin-Watson stat

1.386584

4.2.2 NON-CONTROL GROUP
I run a regression with difference in difference model. In this model value is the
“energy poverty index”. Time means data collected before or after the project
complete. Type is the data from rural place or city. INTER is interaction between time
and type. In this test, I do not conduct controlling variable. All variables are real value
include the real price. The result is the real price changing does change the extent of
"energy poverty" even in reality.
Dependent Variable: ENERGY POVERTY IND
Method: Least Squares
Date: 11/10/15

Time: 23:17

Sample: 1 1170
Included observations: 1170

Variable

Coefficient

Std. Error

t-Statistic

Prob.

C

0.076712

0.000893

85.88930

0.0000

TIME

-0.012710

0.001263

-10.06229

0.0000

CITYORRURAL

0.020262

0.001067

18.99196

0.0000

Inter

-0.009056

0.001509

-6.002101

0.0000

R-squared

0.513746

Mean dependent var
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0.081384

Adjusted R-squared

0.512495

S.D. dependent var

0.016922

S.E. of regression

0.011815

Akaike info criterion

-6.03545
0

Sum squared resid

0.162772

Schwarz criterion

-6.01813
4

Log likelihood

3534.738

Hannan-Quinn criter.

-6.02891
9

F-statistic

410.6409

Prob(F-statistic)

0.000000

Durbin-Watson stat

1.218763

4.2.3 EVIDENCE OF DIRECT OBSERVATION
To make the results more intuitive, I drew four graphs based on the "energy
poverty index" data. The first figure is the "energy poverty index" under the control
variable conditions. The second one is the "energy poverty index" under
non-controlled variable conditions. The third one is "energy poverty index" without
control groups and extreme values which is city and YanAn region. Fourth graph is
"energy poverty index" of the control group and extreme values.

In the case of the control variables, energy poverty index dramatic change after
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the completion of "west to east" project. As the only variables that affect energy
poverty index, the real price has fluctuations similar to the index. We can find a cliff
at around 2010 in the graph. For "energy poverty index" and the real price, that is
the impact of "west to east" project. This graph can also prove the conclusions in
4.1.2.

In the case of uncontrolled variables, energy poverty index changes more flat.
The graph has no obvious "cliff" means energy poverty alleviate every year in decade.
But the figure is still has a relatively large change around 2010. This shows that the
"west to east" project still played an important role in alleviating "energy poverty".
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By the third graph, we can see mitigation of "energy poverty" in countryside. In
the fourth graph, we can see the situation in the control group and extreme value
regions.

4.2.4 THE REASON REAL PRICE IMPACT ENERGY POVERTY
Under electricity price control, residential electricity prices are maintained at a
low level. The main cause of "energy poverty" is another burden "controlled
electricity price" will bring rather than electricity price itself. As I discussed in section
3, the "real price" is the sum of "other burdens" and "electricity price burden".
Under electricity price controlled, the real price impact "energy poverty" mainly with
"other burden" changes.
Originally, electricity costs are greater than the electricity prices, government
burdens and business losses are high. To compensate the financial shortfall, the
government will impose higher taxes. To compensate the cost of the loss, the power
company was allowed to charge monopoly prices for industry and commerce.
Increasing commercial and industrial costs will lead to retail price increases. In this
case, real price will be high. High taxes and retail prices led to lower residential
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disposable income. Although residents have a low electricity price, they can’t make
full use of it because of lower disposable income. They have to use their money,
which should be used for power, in other expenses. Therefore, the farmers are still in
the "energy poverty" when the real price is high.

"West to east" project lead to lower electricity costs. Electricity cost becomes
less than or equal to control prices. Government does not need subsidy power
companies. The power company is no longer allowed to use monopoly prices for
industry and commerce. Therefore taxes and retail prices are fall, which also means
real price is fall. Residents have more disposable income and have sufficient funds to
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fully use electricity. That will lead to mitigation of "energy poverty."

4.3 POWER BLACKOUTS AND RESTRICTIONS
Completion of "west to east" project leads to improvement of electricity devices.
The massive importation of western Power brought a substantial growth of the total
power supply. The amount of power blackouts and restrictions decrease significantly
after the completion of the project.
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I made a graph based on data of Shaanxi Province. Through most of the years we
can conclude that power blackout and restrictions reduce a lot after 2010. It is
special because preparing the Olympics in 2008.
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CONCLUSION FOR SECTION
“West to East” Project reduces the real price and amount of blackout. Lower real
prices alleviated "energy poverty" problem in rural areas in Shaanxi Province.
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5. ENERGY POVERTY AND SOCIETY
According to the results in section 4, we can know that "energy poverty" has
been alleviated in rural areas in the Shaanxi Province because of the “West to East”
project. Solve the problem of "energy poverty" will bring some benefits to society.
For example, people's happiness will increase because of alleviating "energy poverty"
problem. The city's business and industry become more prosperous because of lower
electricity burden. Because there is no subsidy burden, the government has extra
funds for investment. People's consumer demand for electrical appliances is
stimulated because the power supply is sufficient. Lower commercial and industrial
electricity price also contributed to the decline in retail goods prices. Thus consumer
goods retail volume will rise.
In this section, I will pick a few typical indicators and research the impact of
alleviating "energy poverty". I use the number of married expressing happiness; GDP
represents prosperity; the retail amount represents improvement of Daily life.

5.1 THE NUMBER OF MARRIAGES—HAPPINESS
I think happiness will be a direct impact by energy poverty index. But there is no
authoritative information on happiness. So I decided to choose some realistic data
describing happiness. I assume that the more happy people more likely to get
married, and chose married amount data as a measure of happiness. I found number
of married In the Civil Affairs Bureau. After that, I ran a regression analysis of the
"Energy Poverty Index" and "marriage number." Unfortunately, the results are not
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optimistic.
Because P Value greater than 0.05, We can’t deny the hypothesis 0 . I can’t say
energy poverty index have any influence in married amount. I think this is because
Urban-rural differences. Urban and rural areas have a different number of
inhabitants. Urban and rural areas also have different habits. Rural youth also prefer
to get married in the city. So, if I counted the city in my statistics, the results will be
affected. For this reason, I removed the data from Xi'an which is the biggest city in
this province. I have another problem. Different population base will also affect the
number of marriages. I do not think that the number of marriages is the same in the
regions have population of 1000 and 5000. So I calculated the number of marriages
per million of each regions. Then I run the regression again. This time, I think, the
result is much better.
Dependent Variable: MARR
Method: Least Squares
Date: 11/21/15

Time: 15:25

Sample: 1 528
Included observations: 528

Variable

Coefficient

Std. Error

t-Statistic

Prob.

C

3340.145

432.3880

7.724879

0.0000

ENERGY P INDEX

-10867.67

3447.668

-3.152181

0.0017

R-squared

0.426680

Mean dependent var

2117.194

Adjusted R-squared

0.305426

S.D. dependent var

831.5016

S.E. of regression

692.9825

Akaike info criterion

16.07841

Sum squared resid

2.09E+08

Schwarz criterion

16.83035

Log likelihood

-4151.700

Hannan-Quinn criter.

16.37278
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F-statistic

3.518899

Prob(F-statistic)

0.000000

Durbin-Watson stat

0.811258

Regression use year and region as fixed effect.
This result suggests that "energy poverty index" related to the number of
married. The higher "energy poverty index" is, the fewer the number of marriage are.
That is consistent with my expectations. But we need a premise, which all of the data
collected in rural areas. The main origin of energy should neither be included. I have
three reasons to do it. The first reason is population movements. In this era of
convenient transportation, population move quite fast. Because the city has more
resources, such as better hotel, young people are more inclined to get married in the
city. Which often cause them to register in the city. It will have a relatively high
number of marriages in the city's statistics. The second reason, external influences.
The number of marriages influences by many factors. A lot of things affect people's
desire to get married, such as education, health conditions or even temperature. It is
even difficult to find years, in which the number of marriages are basically same, in
the same city. In the cities, there are too many variables that affect the value. But in
the countryside, these factors are relatively small. So, get rid of the city help us get
rid of a lot of useless variables in the data. The third reason, the upper limit of the
number of marriages float. Number of marriage does not depend entirely on the
outside. It is one of the human instincts. Humans still have the will to get married
even if the external environment is poor. So, there are limits of any factor affecting
the number of marriages. In some source of energy, energy poverty index is too low.
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But it beyond the limits of "energy poverty" to Impacting "married number". The
number of marriages will grow until the energy poverty index below a certain value.
Similarly, in the ancient when "energy poverty" is very significant, number of married
not close to zero. I drew a picture showing my view of relationship between "energy
poverty index" and the number of marriages.

I have another two ways to explain this result. I think there are three factors that
will affect a number of marriages, which alleviating "energy poverty" bring. One is
the happiness, and others are leisure time and free money. Before I run this
regression, I thought that happiness is the most important factors affecting the
number of marriages. When alleviate energy poverty, farmers will feel very happy.
People will be easier to fall in love when they are happy. That would cause an
increase in the number of marriages. But love is not cheap. It will take a lot of time
and money when getting married. Alleviating energy poverty can solve these
problems. Farmers will save a lot of time to obtain resources after alleviating energy
poverty. They will also get free funds. This enables farmers not only have will but
capability to get married. Of course the result is a rise in the number of marriages.
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5.2 GDP CREATED BY INCREASED FIXED ASSETS—PROSPERITY
Despite a lot of criticism, GDP is still the best way to describe economic
prosperity. According to Zhao Shuang’s study (2012), alleviating energy poverty will
lead to economic development. I wonder if "west to east" project led to the same
result. So I run a regression analysis of "energy poverty" and the GDP. The result is
"energy poverty index" negatively correlated with GDP. GDP value is the growth rate
of GDP that created by Private investment in NEWLY INCREASED FIXED ASSETS in
rural area in Shaanxi Province.
Dependent Variable: GDP
Method: Least Squares
Date: 11/21/15

Time: 15:40

Sample: 1 792
Included observations: 792

Variable

Coefficient

Std. Error

t-Statistic

Prob.

C

0.179851

0.020323

8.849515

0.0000

ENERGY P INDEX

-0.453303

0.164397

-2.757375

0.0060

R-squared

0.576786

Mean dependent var

0.149796

Adjusted R-squared

0.518328

S.D. dependent var

0.041293

S.E. of regression

0.028658

Akaike info criterion

-4.15245
5

Sum squared resid

0.570798

Schwarz criterion

-3.57994
0

Log likelihood

1741.372

Hannan-Quinn criter.

-3.93241
7
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F-statistic

9.866625

Prob(F-statistic)

0.000000

Durbin-Watson stat

0.218727

I think the first reason for this is the increasing of rural investment. Farmers have
insufficient disposable income when they in "Energy poverty" under price controls.
“West to East” project reduces the real price. Energy poverty will be alleviated when
the real price decline. Farmers will get more disposable income and electricity price
remain unchanged. Farmers will not use all of the increasing disposable income to
consume electricity. Most farmers will tend to save part of the money earn interest.
Small rural banks would get more money, and will invest more. That will lead to an
increase in rural investment. More rural investments will create more GDP.

The second reason is company expansion. As alleviating energy poverty,
companies have fewer costs both industrial and commercial. These companies will
expand and increase investment.
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5.3

THE

RETAIL

SALES

OF

SOCIAL

CONSUMER

GOODS—MERCHANDISE FLOWS
As the result of Yao jianping (2013)’s research, energy poverty will reduce local
market vitality. Then market will benefit from the “West to East” project alleviating
energy poverty. I run a regression of retail sales growth rate of social consumer goods
per person and energy poverty index. The result is negative correlation.
Dependent Variable: RETAIL
Method: Least Squares
Date: 11/21/15

Time: 15:46

Sample: 1 792
Included observations: 792

Variable

Coefficient

Std. Error

t-Statistic

Prob.

C

0.136834

0.011492

11.90641

0.0000

ENERGY P INDEX

-0.488309

0.092964

-5.252671

0.0000

R-squared

0.770081

Mean dependent var

0.140151

Adjusted R-squared

0.738322

S.D. dependent var

0.031680

S.E. of regression

0.016206

Akaike info criterion

-5.29259
6

Sum squared resid

0.182526

Schwarz criterion

-4.72008
0

Log likelihood

2192.868

Hannan-Quinn criter.

-5.07255
7

F-statistic

24.24796

Prob(F-statistic)

0.000000

Durbin-Watson stat

0.254637

I think there are two reason of this result. The first one is the same one in 5.2,
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which is farmers have insufficient disposable income and will spend more on both
energy and other goods. The second reason is lower detail price. When “west to east”
project alleviate energy poverty, tax and Non-residential electricity price will
decrease. That because government does not need to give subsidy to the energy
company. And the energy company is not allowed to charge a monopoly price to
non-residential consumers.
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6. CONCLUSION
My conclusion is that "west to east" project to alleviate the "energy poverty"
problem under price control and bring some benefit to society.
From literatures, I got a useful indicator to measure "energy poverty" which is 10%
indicator. I also found that energy poverty still exists under price controls. I also
found that "energy poverty" caused a lot of negative impact on society. Large-scale
rural electrification can alleviate energy poverty.
On the basis of 10% indicator, I created a unique formula to measure the energy
poverty in Shaanxi province.
𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑜𝑣𝑒𝑟𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 =

CP×(Consumption Amount-AECA) × Real Price+coal using
Final Income

Where CP is completeness parameter, it describes the completeness of electrical
appliances. AECA is “agricultural electricity consumption amount”, it describes the
amount of electricity consumption use to produce. Real Price is the sum of the "basic
electricity price" and "conversion price". It describe the electricity price without price
control. Final income is sum of pure income and hidden benefit of farmers.
Consumption Amount is farmer’s consumption amount of electricity. I call the result
of this formula “energy poverty index”. I use 10% as "energy poverty line". When
energy poverty index more than 10%, which is energy poverty line, we can say the
place we measured is in energy poverty. If small than 10%, then the farmers in this
place are at least not in shortage of energy.
According to the results of operations of energy poverty index, I found "west to
east" project may bring alleviation of "energy poverty". The result of regression tells
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me that the “west to east” project decrease the real price a lot. And “energy poverty
index” goes down after the completion of “west to east” project, whether or not
control variables.
“West to East” project also bring some benefit to the society by alleviating
energy poverty. When use amount of married describe happiness, the result show
that happiness increase after alleviating energy poverty. GDP and detail sales of
social consumer goods also increase faster because solve “energy poverty” problem.
It reflects a more prosperous society and more dynamic market.
In the study, I find that the farmers in many places who in energy poverty do not
want to change the energy consumption style. Even they have more disposable
income, they prefer to increase deposit than spend the money in energy. The time of
use electricity of the farmers still relative low than government expected. Fortunately,
the main reason this time is the wish of farmers. If China wants a radical
improvement in "energy poverty" problem, more extensive knowledge of the energy
in rural areas will be necessary.
For developing countries, large-scale power transmission project is very
expensive and requires careful decision. If the project does not generate revenue, or
even need a relative long time to generate revenue, the government will cancel it
because the opportunity cost is high for these countries. This thesis prove the great
changes the “West to East” project make on “energy poverty” in rural areas. That
could be a good reference to the develop countries which want to alleviate energy
poverty by large scale project. It is also a good example to explain how rural
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electrification bring benefit to the whole society.
The formula created to measure energy poverty under price control in this thesis
also can be used in other places where have energy price control. Especially in China,
there are many places have price control in many energy source field. Some of them
are made to protect farmers and others made to protect energy company. Most of
these price controls will make some problem to evaluate energy poverty level. The
formula used in the thesis can fit most of places in the Northwest region of China.
And it also can be easily improved to meet other situation. It will be a good
complement to analyze and quantify the level of energy poverty in most areas of
China.
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